Background: Simulation-based training is a widespread strategy to improve health-care quality.
Introduction
Healthcare services offer complex, and advanced treatment for patients. Therefore highly competent and skilled healthcare providers are needed to secure patient safety (Grol, Berwick, & Wensing, 2008) . Studies show that errors in healthcare are a risk for patient safety that in many cases can be prevented (Patel, Kannampallil, & Shortliffe, 2015) . Patient safety, and quality improvement are therefore important issues in today's society (Institute for Healthcare Improvement, 2015) . There are several tools for quality improvement such as evidence-based guidelines, or clinical audits (Ivers et al., 2012; NICE, 2014) . Another strategy used to improve performance among healthcare workers, and students, is simulation-based training.
Simulation-based training is practising realistic scenarios using a specialized manikin, computer software, or humans playing the role as patient (Society for Simulation in Healthcare, 2014; The International Nursing Association for Clinical Simulation & Learning, 2013) . The setting can be high-fidelity, where manikins and equipment are advanced, also called technology-enhanced simulation. It can also be low-fidelity where the equipment is less advanced (Healthy Simulation, 2014; Salas, Paige, & Rosen, 2013) . The most specialized manikins today simulate the physiology of humans with pulse, blood pressure, and secretion of sweat and tears. The facilitator has the ability to regulate the parameters according to the actions initiated by the health workers, using specialized computer software (Healthy Simulation, 2014) .
Previously published systematic reviews on simulation-based training for students in healthprofession education, showed large effects on students' knowledge and skills, and moderate
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4 effects on patient-related outcomes (Cant & Cooper, 2010; Cook et al., 2011) . Simulationbased training for critical care nurses in continuing education programmes, can improve adherence to recommendations about safe medication (Jansson, Kääriäinen, & Kyngäs, 2012) .
Further technology-enhanced simulation in emergency medicine seems to have effect on several outcomes (Ilgen, Sherbino, & Cook, 2013) . In addition, a qualitative study among midwifery students showed that simulation created links between theory and practice, and provided a safe learning environment (Lendahls and Oscarsson, 2017) One systematic review that summarized evidence for graduated nurses separately found only one cohort study. Since this learning strategy is widely used for nurses, it is relevant to evaluate its effect. The aim of this systematic review is therefore to summarize the effect of simulation-based training on nurses' knowledge and skills.
Methods

Inclusion Criteria
To be considered relevant for inclusion in the systematic review, the studies had to be randomised controlled trials (RCT) evaluating the effect of simulation-based training for graduated nurses, or graduated nurses in continuing education. Skills and/or knowledge had to be the primary outcomes in the trials. The studies were eligible for inclusion if they were written in English, German, Norwegian, Swedish, or Danish.
Comparisons
Relevant comparisons for the systematic review were simulation-based training to other learning strategies, different simulation strategies compared to each other, or different organisation of the simulation training.
Identification of studies
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Screening and selection of studies
Two review authors screened all titles and abstracts independently. The selection process was piloted by reading the first 50 titles and abstracts to calibrate understanding of inclusion and exclusion criteria (Higgins & Deeks, 2011, Ch. 7) . We obtained full-text articles of all studies that did not clearly meet the exclusion criteria. The same two reviewers read all full-text articles for final inclusion. Disagreements in all stages were solved by discussion until consensus was reached (Higgins & Deeks, 2011, Ch. 7) .
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Data extraction
A pre-defined data-extraction form was developed. Data from the included studies were extracted by one person, and quality checked by a second person. We extracted the following data: author name, publication year, number of participants, interventions and comparisons, outcomes, country, and effect measures.
Assessing risk of bias and grading the evidence
The Cochrane Collaboration's Risk of Bias Tool (Higgins, Altman, & Sterne, 2011, Ch. 8.5) , was used to evaluate risk of bias in included studies. We used the Guideline Development
Tool (GRADE Working Group, 2012; Guyatt et al., 2011) to assess quality of the evidence for the following comparisons: Simulation-based training versus other learning strategies, high-fidelity simulation versus other simulation strategy, and different organisation of simulation training. The grading was made per comparison for each outcome, and was assessed as high, moderate, low, or very low quality (Guyatt et al., 2008) .
Data synthesis
We planned to do a quantitative synthesis, by conducting meta-analyses when there was low clinical diversity in the studies (Deeks, Higgins, & Altman, 2011, Ch. 9 (Deeks et al., 2011, Ch. 9) .
In the meta-analysis, between-study consistency (heterogeneity) was calculated with I² statistics, which estimates the percentage of the variability not due to chance. An I² value > 50% indicates substantial heterogeneity. A p-value was also calculated, and p ˂ 0.05 indicates significant between-study heterogeneity (Deeks et al., 2011, Ch. 9) .
Results
Identification of studies and study selection
Fourteen-hundred and seventy-five potentially relevant studies were identified through the database searches, hand searching, and screening of reference lists. After screening by two reviewers independently as described in the methods section, fifty-eight articles were selected for full-text review. Fifteen studies met the inclusion criteria, and were included in this systematic review, see Figure A screening and selection process. Excluded studies are presented in Appendix B.
Insert Figure A here
Study characteristics
The fifteen included studies were published between 2005 and 2016, three of which before 2010. Nine studies were conducted in the USA (Arnold et al., 2013; Corbridge et al., 2010; Hebbar et al., 2015; Johnson et al., 2012; Keleekai et al., 2016; Maneval et al., 2012; Rutherford-Hemming et al., 2016; Schneider et al., 2006; Weiner et al., 2011) , one in Australia (Cioffi, Purcal, & Arundell, 2005) , two in Belgium (De Regge, Calle, De Paepe, & Monsieurs, 2008; Monsieurs et al., 2012) , one in Finland , one in Singapore (Liaw et al., 2015) , and one in Norway (Simonsen et al., 2014) . The studies had enrolled a total of 852 registered nurses. Twelve studies were conducted in hospitals (Arnold et al., 2013; De Regge et al., 2008; Hebbar et al., 2015; Keleekai et al., A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT 8 2016; Liaw et al., 2015; Maneval et al., 2012; Monsieurs et al., 2012; Rutherford-Hemming et al., 2016; Schneider et al., 2006; Simonsen et al., 2014; Weiner et al., 2011) , whereas one study was in a military training programme (Johnson et al., 2012) . Five studies had enrolled nurses in specialized wards (Arnold et al., 2013; Hebbar et al., 2015; Rutherford-Hemming et al., 2016; Weiner et al., 2011) , and three had enrolled anaesthesia-, midwifery, or advanced practice nursing students (Cioffi et al., 2005; Corbridge et al., 2010; Johnson et al., 2012) . The final seven had enrolled regular nurses (De Regge et al., 2008; Keleekai et al., 2016; Liaw et al., 2015; Maneval et al., 2012; Monsieurs et al., 2012; Schneider et al., 2006; Simonsen et al., 2014) . Nine trials compared simulation-based training to other learning strategies (Cioffi et al., 2005; Corbridge et al., 2010; Hebbar et al., 2015; Johnson et al., 2012; Keleekai et al., 2016; Liaw et al., 2015; Maneval et al., 2012; Rutherford-Hemming et al., 2016; Weiner et al., 2011) , and two studies compared highfidelity simulation to other simulation strategies like computer-based, or low-fidelity (Arnold et al., 2013; Johnson et al., 2012) . Two studies compared interactive e-learning simulation to other learning strategies (Schneider et al., 2006; Simonsen et al., 2014) . Finally, three studies compared alternative organisation of simulation-based training (De Regge et al., 2008; Monsieurs et al., 2012) . Manikins were used for training in eleven studies (Arnold et al., 2013; Corbridge et al., 2010; De Regge et al., 2008; Hebbar et al., 2015; Johnson et al., 2012; Keleekai et al., 2016; Liaw et al., 2015; Maneval et al., 2012; Monsieurs et al., 2012; Weiner et al., 2011) . Two studies used a fellow participant playing the role as patient (Cioffi et al., 2005; Rutherford-Hemming et al., 2016) . Skills were evaluated in twelve trials (Arnold et al., 2013; Cioffi et al., 2005; De Regge et al., 2008; Hebbar et al., 2015; Johnson et al., 2012; Keleekai et al., 2016; Liaw et al., 2015; Monsieurs et al., 2012; Rutherford-Hemming et al., 2016; Schneider et al., 2006; Weiner et al., 2011) , whereas nine trials evaluated knowledge (Arnold et al., 2013; Cioffi et , 2005; Corbridge et al., 2010; Keleekai et al., 2016; Maneval et al., 2012; Rutherford-Hemming et al., 2016; Simonsen et al., 2014; Weiner et al., 2011 ).
Characteristics of the included studies are presented in Table A .
Insert Table A here
Risk of Bias (RoB) in included studies
Risk of bias assessment is presented in Figure B . The risk of bias in the included studies was overall unclear to high due to issues with allocation concealment, blinding, and incomplete outcome data. Three studies (Arnold et al., 2013; Hebbar et al., 2015; Monsieurs et al., 2012) were assessed to have an overall high risk of bias, eight studies (Cioffi et al., 2005; Corbridge et al., 2010; De Regge et al., 2008; Johnson et al., 2012; Keleekai et al., 2016; Rutherford-Hemming et al., 2016; Liaw et al., 2015) were assessed to have an unclear risk, and only four studies (Maneval et al., 2012; Simonsen et al., 2014; Schneider et al., 2006; Weiner et al., 2011) to have an overall low risk of bias.
Insert Figure B here
The quality of evidence for simulation-based training versus other learning strategies, highfidelity simulation versus other simulation strategy, and different organisation of simulationbased training was assessed as low for both outcomes. The grading of documentation is presented in Appendices C.1-C.3 GRADE Evidence profiles or Summary of findings tables.
Simulation-based training versus other learning strategies
Six studies were eligible for meta-analysis on this comparison for nurses' skills (Cioffi et al., 2005; Hebbar et al., 2015; Johnson et al., 2012; Keleekai et al., 2016; Rutherford-Hemming et al., 2016; Weiner et al., 2011) , see Figure C . Summary of findings are presented in table B.
All six studies measured effect with predefined scoring-sheets, unique to the individual study.
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Cioffi et al. (2005) found a 7-point difference on an ungraded scale on skills for data collection segments. Hebbar et al. (2015) found a 2.6-point difference on a 7-point scale.
Johnson et al. (2012) had a 47.77-point difference on a 107-point scale, Keleekai et al. (2016) found a 9.7-point difference, Rutherford-Hemming et al. (2016) found 18.6-point difference on a scale 0-100, and Weiner et al. (2011) found no difference between the groups, with only one point in difference. We pooled the results in a random effects meta-analysis, and found a standardized mean difference (SMD) -1.09 (CI -1.72 to -0.47). The pooled effect size for these studies shows a significant, but possibly small effect in favour of simulation. Further, the heterogeneity between the studies is high with I² 85%, and p ˂ 0.00001, indicating uncertainty with the results.
Insert Figure C here
Further, the meta-analysis on computer-based simulation to other learning strategies ( Figure   C ) showed SMD -1.06 (CI -1.50 to -0.62), which is a significant effect in favour computerbased simulation. Johnson et al. (2012) found a 7.33 point difference, Liaw et al., (2015) found an 8.25-point difference on a 45-point scale, and Schneider et al. (2006) found a 6.45-point difference, all in favour of intervention group.
Our analysis shows a positive effect of simulation-based training compared to other learning strategies on nurses' skills, with a p-value ˂ 0.0007 in the meta-analysis. On the other hand, the grading of the evidence showed low quality on this comparison, and our confidence in these finding is therefore limited.
Six studies evaluated effect of simulation on nurses' knowledge, all measured by tests, see
Appendix D Forest Plot 1, and summary of findings table B. The population varied from newly educated nurses, to specialized nurses. Because of that, we assessed clinical diversity between the studies to be too significant to pool the total effect sizes. Cioffi et al. (2005) found a 2-point difference on an ungraded scale in favour of simulation training. Corbridge et al. (2010) found a 0.1-point difference in a 5-point scale in favour of simulation. Keleekai et al. (2016) found a 3.5-point difference on a 22-point scale in favour of simulation.
Rutherford-Hemming et al. (2016) found a 1.3-point difference in favour of simulation.
Weiner et al. (2011) found a 1.8-point difference on a 55-point scale in favour of intervention, and finally Maneval et al. (2012) found a 0.39-point difference on a 33-point scale. Only Keleekai et al. (2016) found a significant difference in favour of intervention (SMD -1.68 (CI -2.28 to -1.08)). None of the remaining studies showed a significant difference between groups as they have broad confidence interval that cross over the line of no effect. The grading of evidence shows low quality, which makes our confidence in the results of this analysis low.
Insert Table B here
One study compared computer-based simulation to classroom teaching on outcome knowledge. Simonsen et al. (2014) found a non-significant difference in knowledge scores between groups. These findings are therefore not conclusive.
High-fidelity simulation versus other simulation strategies
Two studies compared high-fidelity simulation to other simulation strategies on nurses' skills.
However Arnold et al. (2013) did not report results due to missing data from one group. The analysis is therefore based on one study (Johnson et al., 2012) comparing high-fidelity simulation to CD-ROM. Johnson et al. (2012) found a 40.44-point difference on a 107-point scale in favour the high-fidelity group. These results are statistically significant with p ˂ 0.0001 and SMD -2.42 (CI -3.35 to -1.49). However, the evidence was graded low quality on this comparison, and we cannot draw any conclusions from this one study with relatively few participants. Summary of findings are presented in table C.
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One study had made this comparison on nurses' knowledge. Arnold et al. (2013) The results indicate that computer-based simulation might be more effective for improving nurses' knowledge when compared to both high-, and low-fidelity simulation. Further, highfidelity simulation might be superior to low-fidelity simulation. However, the quality of evidence is low, and our confidence in these results is therefore sparse, see table C.
Insert Table C here
Comparing different organisation of simulation
Three studies compared different organisation of simulation training on nurses' skills (De Regge et al., 2008; Monsieurs et al., 2012) , whereas one had made this comparison on knowledge . Because of a high degree of inconsistency in the results, we cannot draw any overall clear conclusions based on the current studies. This is also due to low quality of the evidence.
Insert Table D here
Discussion
Based on our findings in this systematic review of fifteen included studies, simulation-based training seems to be effective in improving nurses' skills when compared to other learning strategies. However, there is uncertainty to these results due to weak documentation. For the other comparisons, we cannot draw any conclusions for registered nurses. The meta-analysis did show a significant but possibly small effect of simulation-based training compared to other learning strategies. This small effect could be due to only six eligible studies with small sample-sizes in the analysis. Further, the grading of evidence showed low quality, which
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14 means that we have limited confidence in these findings. In the sub-group analysis on computer-based simulation versus other learning strategies on outcome knowledge, we also found a significant effect in favour of simulation, and less statistical heterogeneity (I² 23%).
However, this analysis was also graded as low quality of evidence. For the other comparisons, several of the included studies present results in favour of simulation, but there is inconsistency in results between studies. Only three studies (Hebbar et al., 2015; Johnson et al., 2012; Rutherford-Hemming et al., 2016) showed a significant effect of high-fidelity simulation compared to other learning strategies on nurses' skills. Further, there seems to be a trend towards computer-based simulation as the most effective strategy on nurses' knowledge when compared to other simulation strategies, but the results are uncertain and not definitive.
The quality of evidence is graded low on these comparisons as well. In our opinion, the lack of conclusive results in, and between the studies may be a result of small sample-sizes in most of the studies, as well as weakness in design for several of the trials.
In our first meta-analysis, there was large statistical heterogeneity with I² 85%. We could not find any clinical diversity between the studies, nor any major differences in the risk of bias of the studies that could explain the differences in results. The total number of participants is also approximately the same. The study of Johnson et al. (2012) showed a larger effect on nurses' skills than the other studies. We chose to do two sub-group analyses due to differences in simulation strategy.
One reason the results of Johnson et al. (2012) differs from the other studies, could be the motivation of the participants for this learning strategy. The nurses who are about to work in a war setting might to a greater extent acknowledge the need of training on realistic situations.
The situations they are about to face is substantially different from what they have met in their previous practice, and of a kind they will not meet in a secure hospital setting in the USA.
This could make them more motivated to train with simulation, to be prepared for the
15 situations they are faced with in a war. However this is only our assumption, and there could be other reasons for the results.
Simulation-based training is one of the strategies used to improve quality in healthcare.
However, simulation-based training may not be the best strategy for implementing a new guideline, or government directives. Then workshops or clinical audits are frequently used strategies to increase health-workers adherence to the guidelines. These strategies have shown small to moderate effect when used alone (Forsetlund et al., 2009; Ivers et al., 2012) .
However, evidence show that the strategies used in quality improvement should be tailored to the context where they are implemented (Baker et al., 2015) . In our opinion quality improvement in healthcare need several approaches to be successful, depending on what area to be improved. Simulation-based training is in our view most feasible for practical issues, whereas implementation of, for example, guidelines should use other approaches. However, simulation-based training could be a part of a tailored implementation strategy, for example in combination with printed educational material (Giguère et al., 2012) .
The inclusion criteria in this systematic review were relatively narrow, which may have contributed to our findings of non-conclusive results. If a broader range of study-designs and a wider population had been considered eligible, we would have included more studies to synthesize. On the other hand, we chose the narrow criteria to make a highly focused review.
This systematic review has a thorough literature search, reviewed by an experienced librarian.
In phases of the process that are critical, we have been two review authors screening, and selecting independently. We are therefore confident that all relevant studies have been identified, and included in the review. We have not contacted any of the authors of the primary studies for additional information. Our analyses were based solely on information found in the articles. This might have influenced the risk of bias assessment and grading of
16 evidence, since the authors could have contributed additional information. However, we made his choice, because all studies then were considered equally in terms of available information.
Further, we only have two outcomes in this review. It could have been relevant to evaluate patient outcomes, and economic implications of simulation-based training as well.
The other systematic reviews we identified included the same comparisons and outcomes as our review. The sources searched in the other reviews were to a great extent the same as the ones we searched. The other reviews identified more references than we did from their searches, but this could be due to our relatively restricted population of registered nurses.
Some of the reviews had searched for unpublished literature in databases designed for such studies. We only searched for protocols of unpublished studies in Clinical Trials. Further, we
have assessed risk of bias using Cochrane's RoB-tool, whereas the other reviews have used different tools. However, we find that the tools are comparable. We have not found that the other reviews have graded the quality of evidence using GRADE.
Further, the results from the other systematic reviews we identified differ from ours, in the sense that they have found a large significant effect of simulation training (Cook et al., 2011; Ilgen et al., 2013) , whereas we found a possibly small effect. This difference could be due to the fact that we only included RCTs. Finally, we have identified, and included RCTs not included in the other reviews.
Simulation-based training is rather resource demanding, and the equipment needed for highfidelity simulation is expensive. Therefore, an evaluation of the use and effectiveness of this intervention is important. Based on the trends in this review, and the positive effect of simulation-based training for students shown in other systematic reviews, we assume that further RCTs of good quality might conclude that simulation-based training is an effective learning-strategy for nurses. Based on our experience with simulation this is the case.
However, our findings in this review are not conclusive, and we cannot claim that simulationbased training is effective on nurses' skills and knowledge.
Further studies should use RCT-designs, and they should aim to include larger sample sizes of registered nurses. The researchers should also strictly follow the rules of the RCT-design when conducting the trial, in particular when it comes to allocation concealment, and blinding of the personnel analysing the results. The purpose of these studies should be to establish whether simulation-based training for nurses is an effective learning strategy on nurses' skills and knowledge. When this is established, different simulation strategies should be compared to each other to establish which strategy or organisation is the most effective.
Conclusion
Based on the findings in this systematic review no clear conclusions can be drawn. The methodical quality of the included studies varies too much, and the inconsistencies in results are significant. For the comparison simulation-based training versus other learning strategies, effect measure is statistically significant, but the results are uncertain due to heterogeneity.
For the other comparisons, the results are not conclusive. The quality of the evidence was also graded low for all comparisons. In our opinion, the effect of simulation-based training for nurses seems to be positive on skills, whereas for knowledge effect has not been established.
There is a need for new, good quality RCTs of reasonable size to establish a confidence in the effect-measures. However, we believe this systematic review is an important contribution to the knowledge in this topic. 
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